Thyroxine is bound to a serum protein which appears in the electrophoretogram just ahead of alpha-2 globulin (1-4). Triiodothyronine also associates with this thyroxine binding globulin (T.B.G.) but can be displaced readily with thyroxine -while triiodothyronine will not readily displace thyroxine. Deiss, Albright, and Larson (5) suggested that the firm binding of thyroxine to T.B.G. might account for the slower rate of disappearance of thyroxine from the plasma as compared to triiodothyronine.
Thyroxine is bound to a serum protein which appears in the electrophoretogram just ahead of alpha-2 globulin (1) (2) (3) (4) . Triiodothyronine also associates with this thyroxine binding globulin (T.B.G.) but can be displaced readily with thyroxine -while triiodothyronine will not readily displace thyroxine. Deiss, Albright, and Larson (5) suggested that the firm binding of thyroxine to T.B.G. might account for the slower rate of disappearance of thyroxine from the plasma as compared to triiodothyronine.
The purpose of this paper is to report studies on the in vitro uptake or binding by human red cells of radioactive I-131 labeled sodium iodide, human serum albumin; triiodothyronine, and thyroxine. We propose to show that the binding of L-thyroxine by plasma is one of the limiting factors in the uptake or binding of this substance by the human red cell. The uptake or binding of L-triiodothyronine is limited to a lesser degree by plasma binding and is consistently greater than the uptake or binding of L-thyroxine. MATERIALS mixed well, and incubated in a water bath at 37°C for an arbitrary period of 30 minutes. The tubes were then centrifuged, supernatant removed, the cells were washed and recentrifuged three times. The supernatant removed and the radioactivity remaining with the red cells was determined and was expressed as a percentage uptake of the original radioactivity. The same procedure was repeated using red blood cells which had been washed three times with normal saline before adding them to the radioactive solutions. (These will be referred to as washed cells.)
Radioactive (I-131) labeled sodium iodide, L-thyroxine, and L-triiodothyronine were dissolved in human plasma (obtained from the Blood Bank) and the same procedure described for the saline solution was carried out using both "washed" and "unwashed" red blood cells.
Two milliliters of plasma were incubated in a H20 bath at 37°C for 30 minutes with 0.1 milliliter of an alkaline solution of stable L-thyroxine containing 4.5 micrograms per milliliter. Varying amounts of this plasma (.02 ml to 0.5 ml) were added to tubes containing 2 milliliters of radioactive (I-131) labeled L-thyroxine in normal saline (previously counted) and 2 milliliters of "washed" red cells were added immediately, mixed gently, and incubated in a water bath at 37°C for 30 minutes. At the end of 30 minutes the tubes were centrifuged, the supernatant removed, and the cells washed three times with normal saline. The amount of radioactivity remaining with the red cells was determined and expressed as described previously. The same procedure was repeated using radioactive L-triiodothyronine instead of radioactive L-thyroxine.
Two milliliters of unwashed red cells were incubated at 37°C for 30 minutes with 50, 100, and 150 micrograms of stable L-thyroxine dissolved in 0.1 ml. of .02 N sodium hydroxide. The above mixture was then incubated with radioactive I-131 labeled L-thyroxine for 30 minutes at 37°C. The amount of radioactivity remaining with the red cells was determined and expressed as described previously. The same procedure was repeated using 100 micrograms of stable L-triiodothyronine2 instead of L-thyroxine.
In of stable L-thyroxine was used a control was set up using the alkaline solution without thyroxine. The radioactivity remaining with the red cell was not due to absorption of the radioactive L-thyroxine or L-triiodothyronine as less than one per cent of the activity will adhere to the glass test tube after saline washings.
RESULTS

Unwashed red cells-Radioactive tracers in nor-
mal saline solution The percentage uptake by or the percentage of radioactivity remaining with the unwashed red cells was negligible with both radioactive I-131 labeled sodium iodide and human serum albumin. The uptake of labeled L-thyroxine was consider- HUMAN (Figure 1 ).
Washed red cells-Radioactive tracers in normal saline solution The percentage uptake by the washed red cells of the labeled sodium iodide and human serum albumin was again negligible. The uptake of labeled L-thyroxine (mean 56.2 per cent) was markedly increased over that of sodium iodide (mean 2.3 per cent) and human serum albumin (2.5 per cent). This was also a marked increase over that of the uptake of L-thyroxine (mean 8. (Figure 4) . The plasma was incubated with stable L-thyroxine before adding it back to the washed red cells. It was impossible to add small enough quantities of plasma to demonstrate a concentration curve unless it was previously incubated with stable L-thyroxine. The uptake of radioactive L-triiodothyronine was also inhibited by the presence of plasma decreasing from 76 per cent to 24 per cent (Figure 4 ).
DISCUSSION
The possibility that the uptake or binding 8 by the red cell of L-thyroxine or L-triiodothyronine is due to contamination with inorganic iodide or a non-specific organic iodinated compound is eliminated by the insignificant uptake by the red cells of radioactive I-131 labeled sodium iodide and iodinated human serum albumin.
Studies from several laboratories (1-5, 6) have consistently shown that thyroxine is bound to a serum protein which appears in the electrophoretogram just ahead of alpha-2 globulin (inter-alpha zone). Petermann, Robbins, and Hamilton (7) have further characterized this protein and Schmid (8) found the greatest concentration of protein bound iodine to be in an alpha-glycoprotein fraction.
The studies reported here suggest that in at least one cell, the human erythrocyte, the binding of thyroxine by serum protein is a limiting factor in the uptake 4 of radioactive I-131 labeled L-thyroxine. The uptake by the unwashed red cell of L-thyroxine dissolved in saline and by the washed red cell of L-thyroxine dissolved in plasma was markedly decreased compared to the uptake by washed red cells of L-thyroxine dissolved in saline. This decreased uptake due to plasma was further demonstrated by the decreasing uptake as increased amounts of plasma were added back to the washed red cells before incubation with the labeled L-thyroxine (Figure 4) .
The uptake by the unwashed red cell of labeled L-triiodothyronine was considerably greater than that of the labeled L-thyroxine (Figure 1 ).
This was also true of the uptake by the washed cells although the difference was considerably reduced due to the marked increase in uptake by the washed red cell of L-thyroxine. The uptake by both washed and unwashed red cells of labeled L-triiodothyronine dissolved in plasma was markedly reduced compared to the saline solution. The above studies suggest that plasma will bind L-triiodothyronine but to a lesser degree than L-thyroxine. This may be due to the triiodothyronineprotein binding which is less specific than thyroxine since triiodothyronine is found in all the electrophoretically distinguishable protein bands (6) . The decreased binding of L-triiodothyronine compared to L-thyroxine was also demonstrated by previous incubation of unwashed red cells with stable L-triiodothyronine and L-thyroxine in saline before incubation with labeled L-thyroxine. The uptake was definitely increased by incubation with L-thyroxine but to a lesser degree with L-triiodothyronine ( Figure 3) .
These studies tend to confirm the binding of L-thyroxine by plasma and to show that the in vitro uptake of labeled L-thyroxine by the red cell is markedly decreased in the presence of plasma. The uptake of L-triiodothyronine is also decreased but to a lesser degree. This could be a factor in the more rapid disappearance of L-triiodothyronine from the serum of euthyroid subjects (9) . It should be mentioned that the difference in uptake could be due to a greater affinity of the red cells for L-triiodothyronine than for L-thyroxine. These studies do not demonstrate which interpretation is correct.
Hamolsky (10) has presented evidence that there is a qualitative difference in the plasma protein-thyroid hormone complex in the patient with diffuse toxic goitre versus the euthyroid state. This difference was demonstrated by an increased uptake by normal red cells of radioactive I-131 labeled plasma from patients with toxic diffuse goitre. We are attempting to confirm this observation by the methods used in this study. It would appear that this difference is probably due to binding as Dingledine, Pitt-Rivers, and Stanbury (6) were unable to demonstrate any difference in the iodinated compounds of the blood in euthyroid versus hyperthyroid subjects. SUMMARY 1. The uptake or binding by the human red blood cell of radioactive I-131 labeled triiodothyronine was consistently greater than the uptake of radioactive I-131 labeled thyroxine.
2. The presence of plasma markedly decreased the uptAke or binding by the human red cell of radioactive I-131 labeled thyroxine and to a lesser degree the uptake or binding of radioactive I-131 labeled triiodethyronine.
